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X-Ray Determinations of Nitrogen and Oxygen
Abundances in the O supergiants ¢ Ori (09.7 Ib) and ¢
Pup (04 If) from XMM-Newton RGS Spectra
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1 INTRODUCTION

Massive stars are a primary driver of nucleosynthesis within
the galaxy. Their strong stellar winds and end states as su-
pernovae return material processed in their cores to the in-

llar medium. Surface abundance megsurements are a
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(.'un'cutb‘mllsagret-rl u}%t; within the literat nﬁﬂ’c‘l{iﬂ IYM]K: 30
iekov & Palla (2007), Bouret et al.
(2012), Pauldrach et al. (2012‘2. é'c'cura’ce determinations
X}
of surface abundancesﬁére fﬁ%‘re T
stellar evolution and a galactic point of view.
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We present a method for benchmarking nitrogen and oxygen abundances of the
O-stpergiemts T Ortand-CPRup using high resolution XMM-Newton reflection grating
spectra. We use multi-temperature plasma emission models and properly account for
absorption due to the )a}'ti;'t‘l}y*? )ti{.'al_l}i 4é‘ul'lic'.l': stellar winds. We explore the sensitiv-
ity of our method toAwind and fﬁl\[‘ column density, radial ionization stratification,
and*temperature distribution wseertaints= We find that, for these two stars, our abun-
dances are relatively insensitive to these systematic uncertainties. We find nitrogen
abundances of ¢(N) = 7.92 and ¢(N) = 8.70 for ¢ Ori and ¢ Pup, respectively. We

find oxygen abupdances of ¢(O) = 8.72 and €(O) = 8.43, respectively., These, results
support the Leng:ily solar abundances of ¢ Ori found @%m&ﬁe and
rule out the lowest and highest abundances for ¢ PupAin the literature.
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the surveyed stars. These results have necessitated reevalua-
tion of classical rotational mixing. Unfortunately, relatiwﬁ%
little has been published on O star abundances, and®here
is a significant disparity. ofresuits; Br example, there is a
factor of 15 difference between the nitrogen abundance¥ of
¢ Pup found 4
Bouret et al. (2012).
As compared to the situation for late-type stars*abun-
dance determinations of O stars is an underdeveloped field
and the problem of CNO abundance determinations is a dif-
ficult one. Historically, optical and ultraviolet spectroscopy
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In the CNO cycle, the N to °0 reaction has the lowest
cross-section, bottlenecking the cycle at that stage and re-
sulting in a buildup of nitrogen in the core. Rotational mix-
ing models including meridional currents and turbulent dif-
fusion as transport mechanisms from the core to the surface
predict a positive correlation between surface nitrogen en-
richment and rotational velocity. Surveys of B stars (Hunter
and O stars (Rivero Gonzalez et al. (2012))
e Magellanic Cloud indicate that the predictions
of rotational mixing do not hold for approximately half of
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have been the dominant approaches (Herrero et al. (1998),
Pauldrach et al. (2001), Bouret et al. (2008), Bouret et al.
(2012), Pauldrach et al. (2012)y). However, there are sev-
eral difficulties inherent to optical s g‘cgfos*ﬁ}p'c determina-
tions. Photospheres are complex‘z'ﬁ{ r?or?—unl%l’m, contain-
ing temperature, density, pressure, and ionization gradients.
Further, many of the observed lines are transitions between
excited states. These factors make optical spectra highly
complex, and (:ouu)tli{ta:;ed non-LTE modeling is required for
L Lt el =
accuratet etﬁ-n}nmméms. ﬁ P é’
}\'-r:.ly‘aetgrlrlﬁﬁxtinns may provide a usefut quamliab}e-
alternative to optical determinations. X~rayh“‘¢'l'?e‘i‘):%t {ieed in
shock-heated regions of the stellar wind, andAthe difficulties
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